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httpcense.Abstract Pulmonary embolism is one of the greatest diagnostic challenges in emergency medicine
and clinical probability assessment is a fundamental step in its diagnosis.
Aim: To evaluate the role of estimating clinical probability of pulmonary embolism and to com-
pare between different pre-test probability scoring systems as regards their sensitivity and speciﬁc-
ity.
Patients and methods: We used seven scoring systems (original Geneva score, revised Geneva
score, simpliﬁed Geneva score, Wells score, simpliﬁed Wells score, simpliﬁed Charlotte rule, Pisa
model) to assess the clinical probability of PE in 41 patients with suspected pulmonary embolism
for whom the ﬁnal diagnosis was based on multislice CT pulmonary angiography (CTPA).
Results: Twenty-four patients (58.5%) had pulmonary embolism. The scores with the strongest
correlation with the result of CTPA were the Pisa model (P 6 0.001) followed by the original Gen-
eva score and the Wells score (P 6 0.01). Simpliﬁed Wells score had the highest sensitivity (0.92),
Pisa model had the highest speciﬁcity (0.82) and the highest overall accuracy (0.76).
Conclusion: For most patients, clinical probability assessment is an easy and effective way to
decide which patient should undergo further investigations. Among the studied seven scores, the
Pisa model has the best correlation with the CTPA results and it has a good sensitivity, speciﬁcity,
positive and negative predictive values and the highest overall accuracy.
ª 2012 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier B.V.
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Suspected acute pulmonary embolism (PE) is a common cause
for acute hospital attendance and admission. Clinical assess-
ment is necessary to estimate a pre-test probability of PE
and determine what (if any) diagnostic testing is required.
Clinical assessment may be used in an unstructured manner
to generate a pre-test estimate of probability or may be used
in a formal clinical probability score to categorize patients into
(typically) low, intermediate or high-risk groups [1].is. Production and hosting by Elsevier B.V.
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with clinically suspected pulmonary embolism is to accurately
and rapidly distinguish the approximately 25% of patients
who have the disease and require anticoagulant treatment
from the 75% who do not [2,3].
Aim
The aim of this study was to evaluate the role of estimating
clinical probability of pulmonary embolism and to compare
between different pre-test probability scoring systems as re-
gards their sensitivity and speciﬁcity.
Patients and methods
The present study included 41 patients with suspected pulmon-
ary embolism admitted to chest department, Menouﬁya Uni-
versity hospitals in the period from February 2011 to April
2012. After having an informed consent from the patients, they
underwent history taking, clinical examination, radiographic
examination of the chest (P-A view), ECG, echocardiography
and arterial blood gases. Multislice CT angiography of the
chest was used to conﬁrm or exclude the diagnosis of PE.
Different probability scores for pulmonary embolism were
calculated for each patient.
The original Geneva score (Wicki criteria): [4]
The revised Geneva score: [5]
The simpliﬁed Geneva score [6]
Wells score: [7]Table 1 The original Geneva score.
Variable Score
Age
60–79 years 1
80+ years 2
Previous venous thromboembolism
Previous DVT or PE 2
Previous surgery
Recent surgery within 4 weeks 3
Heart rate
Heart rate >100 beats per minute 1
PaCO2 (partial pressure of CO2 in arterial blood)
<35 mm Hg 2
35–39 mm Hg 1
PaO2 (partial pressure of O2 in arterial blood)
<49 mm Hg 4
49–59 mm Hg 3
60–71 mm Hg 2
72–82 mm Hg 1
Chest X-ray ﬁndings
Band atelectasis 1
Elevation of hemidiaphragm 1
<5 Points indicates a low probability of PE.
5–8 Points indicates a moderate probability of PE.
>8 Points indicates a high probability of PE.Simpliﬁed Wells score [6]
As the simpliﬁed Geneva score, the simpliﬁed Wells scoring sys-
tem replaced the weighted scores for each parameter with a 1
point score for each parameter present. PE is considered unlikely
if the score is 6 1 and is likely if the score is >1 (Table 1–4).
Simpliﬁed Charlotte rule [8]
If any two boxes are checked the patient is considered high
risk.
Æ Age >50.
Æ HR >systolic blood pressure (SBP).
Æ Surgery in the past month.
Æ Unilateral leg swelling.
Æ Hemoptysis.
Æ Unexplained room air pulse oximetry <95%.
Pisa model: [9]
The model includes 10 variables positively associated with PE
and six variables negatively associated with PE. Positive vari-
ables are older age (57–67 years, 68–74 years, 75 years and old-
er), male gender, immobilization, history of deep venous
thrombosis, sudden onset of dyspnea, chest pain, fainting or
syncope, hemoptysis, unilateral leg swelling, and ECG with
acute cor pulmonale. Negative variables are history of cardio-
vascular disease, history of pulmonary disease, orthopnea, fe-
ver >38 C (100.4 F), wheezes, and crackles. Two calculators
based on the Pisa model are available online. One calculator
model uses chest X-ray ﬁndings (Pisa model 1) [10] or [11].
The other model does not need chest X-ray ﬁndings (Pisa mod-
el 2) (we used this model) [12] or [13], the score is calculated as
a percentage and the probability of PE is classiﬁed as follows:
Slight risk if score 610, moderate risk if score = 11–50,
substantial risk if score = 51–80 and high risk if score P80.Statistical analysis
Data were analyzed using SPSS 16, Spearman’s correlation
was used for non parametric data. Sensitivity is deﬁned as
the proportion of patients classiﬁed as having PE among thoseTable 2 The revised Geneva score.
Variable Score
Age 65 years or over 1
Previous DVT or PE 3
Surgery or fracture within 1 month 2
Active malignant condition 2
Unilateral lower limb pain 3
Haemoptysis 2
Heart rate 75–94 beats per minute 3
Heart rate 95 or more beats per minute 5
Pain on deep palpation of lower limb and unilateral edema 4
0–3 Points indicates low probability.
4–10 Points indicates intermediate probability.
11 Points or more indicates high probability.
Clinical probability of pulmonary embolism: Comparison of different scoring systems 421with angiographically proven PE. Speciﬁcity is the proportion
of patients classiﬁed as not having PE among those in whom
the disease was excluded. Positive predictive value is the pro-Table 3 The simpliﬁed Geneva score.
Variable Score
Age >65 1
Previous DVT or PE 1
Surgery or fracture within 1 month 1
Active malignancy 1
Unilateral lower limb pain 1
Hemoptysis 1
Pain on deep vein palpation of lower limb
and unilateral edema
1
Heart rate 75–94 bpm 1
Heart rate greater than 94 bpma +1
Patients with a score of 2 or less are considered unlikely to have a
current PE.
a Heart rates of 75–94 bpm receive 1 point, while heart rates
higher than 94 bpm receive a further point (i.e., 2 points in total).
Table 4 Wells score.
Clinical signs and symptoms of PE probability Points*
Evidence of DVT (leg swelling and pain with palpation) 3.0
Heart rate higher than 100 beats per minute 1.5
Previous objectively diagnosed DVT or pulmonary
embolism
1.5
Immobilization for three or more consecutive days
or surgery in previous four weeks
1.5
Hemoptysis 1.0
Malignancy 1.0
Pulmonary embolism as a highly likely diagnosis 3.0
DVT, deep venous thrombosis.
* Probability of pulmonary embolism: <2 points = low; 2–6
points = moderate and >6 = high.
Table 5 Incidence of pulmonary embolism in different clinical prob
Clinical probability score
Original Geneva score High probability
Moderate probability
Low probability
Revised Geneva score High probability
Moderate probability
Low probability
Simpliﬁed Geneva score Likely
Unlikely
Wells score High probability
Moderate probability
Low probability
Simpliﬁed Wells score Likely
Unlikely
Simpliﬁed Charlotte score Likely
Unlikely
Pisa model High probability
Substantial probability
Moderate probability
Slight probabilityportion of patients with conﬁrmed PE among those classiﬁed
as having PE. Negative predictive value is the proportion of
patients without PE among those classiﬁed as not having PE.
Accuracy is the proportion of patients truly diagnosed as hav-
ing PE plus the patients truly diagnosed as not having PE
among the total patients.
Results
See Table 5–7.
Discussion
Diagnosing pulmonary embolism can be difﬁcult. Problems
may arise not only because symptoms and signs can be non-
speciﬁc or occult, but because in assessing the accuracy of
any diagnostic test for PE there is no universally accepted ref-
erence standard [14]. Both underdiagnosis and overdiagnosis
are associated with substantial morbidity and mortality rates.
Untreated pulmonary embolism can be fatal [15,16], and over-
treatment exposes the patient who does not have pulmonary
embolism to an unjustiﬁed risk for major bleeding [17]. The
BTS guidelines for the management of suspected acute pul-
monary embolism in 2003 recommended that all patients withability scores.
CT +ve
n= 24 (58.5%)
CT ve
n= 17 (41.5%)
6 (75%) 2 (25%)
13(81.2%) 3 (18.8%)
5(29.4%) 12(70.6%)
13(81.2%) 3(18.8%)
8(47.1%) 9(52.9%)
3(37.5%) 5(62.5%)
19(70.4%) 8(29.6%)
5(35.7%) 9(64.3%)
16(80%) 4(20%)
8(42.1%) 11(57.9%)
0(0%) 2(100%)
22(61.1%) 14(38.9%)
2(40%) 3(60%)
19(59.4%) 13(40.6%)
5(55.6%) 4(44.4%)
9(90%) 1(10%)
8(80%) 2(20%)
7(36.8%) 12(63.2%)
0(0%) 2(100%)
Table 6 Correlation between different clinical probability
scores and multislice CT angiography results
Clinical probability score Spearman’s correlation
R P value
Original Geneva score 0.439 60.01
Revised Geneva score 0.365 60.05
Simpliﬁed Geneva score 0.334 60.05
Wells score 0.453 60.01
Simpliﬁed Wells score 0.14 >0.05
Simpliﬁed Charlotte score 0.032 >0.05
Pisa model 0.531 60.001
Table 7 Sensitivity, speciﬁcity, positive predictive value, negative predictive value and accuracy of different clinical probability scores.
Clinical probability score Sensitivity Speciﬁcity Positive predictive value Negative predictive value Accuracy
Original Geneva score 0.25 0.71 0.75 0.71 0.44
Revised Geneva score 0.54 0.29 0.81 0.63 0.44
Simpliﬁed Geneva score 0.79 0.53 0.7 0.64 0.68
Wells score 0.67 0.12 0.8 1 0.44
Simpliﬁed Wells score 0.92 0.18 0.61 0.6 0.61
Simpliﬁed Charlotte score 0.79 0.24 0.59 0.44 0.56
Pisa model 0.71 0.82 0.85 0.67 0.76
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umented [18].
So, in this study, we tried to study different clinical proba-
bility scores of pulmonary embolism and to assess their role in
detection or exclusion of PE. We included 41 patients with sus-
pected acute PE. The ﬁnal diagnosis as regarding presence or
absence of PE was based on the result of multislice CT pul-
monary angiography (CTPA). Twenty-four patients (58.5%)
had pulmonary embolism and 17 patients (41.5%) had nega-
tive multislice CTPA. The BTS guidelines for the management
of suspected acute pulmonary embolism in 2003 stated that pa-
tients with a good quality negative CTPA do not require fur-
ther investigation or treatment for PE and they ranked that
as evidence (A) [18].
We used seven scoring systems to assess the clinical proba-
bility of PE in the studied patients. The scores with the stron-
gest correlation with the results of CTPA were the Pisa model
(P 6 0.001) followed by the original Geneva score and the
Wells score (P 6 0.01).
The Pisa model was developed from a database of 1100 pa-
tients with suspected pulmonary embolism, of whom 440 had
the disease conﬁrmed by angiography or autopsy ﬁndings. It
was validated in an independent sample of 400 patients with
suspected pulmonary embolism. Easy-to-use software was
developed for computing the clinical probability [9]. The web-
site describes two prediction models for pulmonary embolism
that have been developed at the Institute of Clinical Physiol-
ogy, National Research Council, Pisa, Italy [9,19].
If a chest radiograph is available and the physician is famil-
iar with the interpretation of it, Pisa model 1 (PM1) is used. If
a chest radiograph is not available, Pisa model 2 (PM2) is used.
Both models provide online computation of the clinical prob-
ability of pulmonary embolism as a continuous function, and
allow estimating precisely likelihood ratios [9].
In this study, we used the Pisa model 2 because it is easier to
apply, does not require the detailed interpretation of the chest
radiograph.
The Pisa model is entirely based on the evaluation of rele-
vant clinical symptoms and signs, and the interpretation of
the electrocardiogram. Therefore, it is applicable in any clinical
context. Among the symptoms, sudden-onset dyspnea is a
strong predictor of pulmonary embolism. The importance of
characterizing dyspnea in terms of onset has long been recog-
nized [20], but it was largely overlooked in most studies re-
ported thus far [4,5,7,21]. Although the interpretation of the
electrocardiogram requires medical expertise, the abnormali-
ties associated with acute cor pulmonale are based on clearly
deﬁned criteria, which have been known and applied for many
years [22].The original Geneva score is based on eight variables: re-
cent surgery, previous thromboembolic event, older age, hypo-
capnia, hypoxemia, tachycardia, band atelectasis, or elevation
of a hemidiaphragm on chest X-ray ﬁlm [4]. It is the only score
among the ones we studied that included the arterial blood
gases, but it has a great drawback which is neglecting the pa-
tients‘ relevant symptoms apart from tachycardia.
In the Wells score, the physician assigns points for the fol-
lowing: clinical signs and symptoms of deep venous thrombo-
sis (objectively measured leg swelling and pain with palpation
in the deep vein region), heart rate higher than 100 beats/min,
immobilization (for more than 3 consecutive days) or surgery
in the previous 4 weeks, previous objectively diagnosed deep
venous thrombosis or pulmonary embolism, hemoptysis,
malignancy (patients with cancer who were receiving treat-
ment, those in whom treatment had been stopped within the
past 6 months, or those who were receiving palliative care),
and pulmonary embolism as likely as or more likely than an
alternative diagnosis [7]. For the ﬁnal variable, which was
not strictly deﬁned, physicians were told to use the clinical
information (obtained by history and physical examination),
along with results on chest radiography, electrocardiography,
and whatever blood tests were considered necessary to diag-
nose pulmonary embolism [23]. From our point of view, this
is the main disadvantage of Wells score, because despite being
an important informative variable, it is largely ill deﬁned and
totally dependent on the physician’s skills and personal predic-
tions not on well deﬁned criteria that could be assessed by any
physician. One of the strengths of the Wells Criteria rule is that
it relies only on the history and physical signs, requiring no
ancillary testing for risk stratiﬁcation. One problem with the
Wells Criteria is the ‘‘alternate diagnosis less likely than PE’’
component. This component adds some degree of subjectivity
to an otherwise objective rule [24].
In our study, the frequencies of pulmonary embolism in the
high, intermediate, and low probability categories were,
respectively: 75%, 81.2%, and 29.4% for the original Geneva
score; 80%, 42.1%, and 0% for the Wells model; 90% in high
probability, 80% in substantial probability, 36.8% in moder-
ate probability, and 0% in the slight probability groups,
respectively, for the Pisa model.
In the Pisa model derivation cohort, the prevalence of PE
was 4% when predicted clinical probability was slight, 26%
when moderate risk was predicted, 65% when substantial risk
was predicted, and 91% when high risk was predicted. In the
validation cohort, the prevalence of PE was 2% when pre-
dicted clinical probability was slight, 28% when moderate risk
was predicted, 67% when substantial risk was predicted, and
94% when high risk was predicted [9].
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els (Wells model, Geneva model and Pisa model) in 215 con-
secutive patients with suspected pulmonary embolism. The
clinical probability predicted by the models was categorized
as low, intermediate, or high. In all patients, pulmonary angi-
ography was used as the reference diagnostic standard. In pa-
tients with pulmonary embolism, the extent of pulmonary
embolization was assessed on the lung scan as an index of dis-
ease severity. The prevalence of pulmonary embolism was
43.3%. The frequencies of pulmonary embolism in the low,
intermediate, and high probability categories were, respec-
tively: 50%, 39%, and 49% for the Geneva model; 12%,
54%, and 64% for the Wells model; 5%, 42%, and 98% for
the Pisa model. Among patients with pulmonary embolism,
there was a strong, positive relation between clinical probabil-
ity predicted by the Pisa model and the extent of pulmonary
embolization. The Pisa model proved more accurate than the
two other models.
When the predictive accuracy and concordance of the Wells
and Geneva criteria were compared, the two prediction rules
were found to have similar predictive accuracy for PE. It could
be argued that the Wells criteria are quicker, easier, and more
cost effective as well as providing results similar to those of the
Geneva criteria. The Wells criteria have the lowest pretest
probability in the low risk group and are the only criteria rec-
ommended for use with whole blood cell qualitative D-dimer
[24].
In the present work, revised Geneva score and simpliﬁed
Geneva score had weaker correlation with CTPA results
(P 6 0.05) while simpliﬁed Well’s score and simpliﬁed Char-
lotte score had negative correlation with CTPA results
(P> 0.05).
The revised Geneva score does not include ﬁgures which re-
quire an arterial blood gas sample to be performed [5]. This
simpliﬁes the scoring process, and has also been shown to be
as effective as the Wells score [26].
A newer revision referred to as the simpliﬁed revised Gene-
va score has been prospectively studied and reported in the Ar-
chives of Internal Medicine on October 27 of 2008. The
simpliﬁed scoring system replaced the weighted scores for each
parameter with a 1 point score for each parameter present, to
reduce the likelihood of error when the score is used in a clin-
ical setting [27].
Douma et al. [6] compared four clinical probability scores
(Wells rule, revised Geneva score, simpliﬁed Wells rule, and
simpliﬁed revised Geneva score) in combination with D-di-
mer testing to exclude PE in 807 consecutive patients with
suspected acute PE. They concluded that all four scores show
similar performance for exclusion of acute PE in combination
with a normal D-dimer result. This prospective validation
indicates that the simpliﬁed scores may be used in clinical
practice.
The Charlotte Criteria rule was speciﬁcally developed to
determine if a patient is at low enough risk of PE to allow
for diagnostically deﬁnitive bedside testing. It stratiﬁes patients
into low-risk or high-risk groups. Among low-risk patients, PE
can presumptively be excluded by the use of a D-dimer assay.
The Charlotte Criteria results have been prospectively vali-
dated in conjunction with a diagnostic algorithm; patients
deemed negative for PE through the combined use of this deci-
sion rule and the algorithm had a less than 1% false negative
rate [24].In the present work, the sensitivity of high probability
scores, the speciﬁcity of low probability scores were estimated.
For determining the sensitivity and speciﬁcity of ventila-
tion–perfusion scintigraphy in PIOPED II Study 1, Sostman
et al. [28] determined the sensitivity of a high probability (PE
present) scan ﬁnding with the exclusion of patients with inter-
mediate or low probability, while the speciﬁcity of very low
probability or normal (PE absent) scan ﬁnding was determined
with the exclusion of patients with high or intermediate
probability.
In the present study, Simpliﬁed Wells score had the highest
sensitivity (0.92), while the original Geneva had the lowest sen-
sitivity (0.25). Pisa model had the highest speciﬁcity (0.82)
while Wells score had the lowest speciﬁcity (0.12). The highest
and lowest positive predictive values were in the Pisa model
(0.85) and Charlotte (0.59) scores, respectively, while the high-
est and lowest negative predictive values were in the Wells (1)
and Charlotte (0.44) scores, respectively. The Pisa model had
the highest overall accuracy (0.76).
The Pisa models include variables that are negatively asso-
ciated with pulmonary embolism. This gives the models greater
ﬂexibility, which may explain why they perform equally well in
detecting and in ruling out pulmonary embolism [9].
In their comparison of the four clinical scores for PE (Wells
rule, revised Geneva score, simpliﬁed Wells rule, and simpliﬁed
revised Geneva score), Douma et al. [6] found that the sensitiv-
ity and negative predictive value of the four scores were 99.5%
while their speciﬁcity ranged from 29% to 31%.
Lucassen et al. [29] in their meta analysis found that the
Wells rule with a cutoff value less than 2 had sensitivity of
0.84 and speciﬁcity 0.58 and Wells rule with a cutoff value 4
or less had sensitivity of 0.60 and speciﬁcity of 0.80, the Gene-
va rule had sensitivity of 0.84 and speciﬁcity of 0.50, and the
revised Geneva rule had sensitivity of 0.91 and speciﬁcity of
0.37.
Conclusion
Clinical probability should be determined for every patient
suspected of having pulmonary embolism. For most patients,
it is an easy and effective way to decide which patient should
undergo further investigations. Among the studied seven
scores, the Pisa model has the best correlation with the CTPA
results and it has a good sensitivity, speciﬁcity, positive and
negative predictive values and the highest overall accuracy.References
[1] S.D. Chunilal, J.W. Eikelboom, J. Attia, et al., Does this patient
have pulmonary embolism?, JAMA 290 (2003) 2849–2858
[2] A.Y. Lee, J. Hirsh, Diagnosis and treatment of venous
thromboembolism, Ann. Rev. Med. 53 (2002) 15–33.
[3] The PIOPED InvestigatorsValue of the ventilation/perfusion
scan in acute pulmonary embolism: results of the Prospective
Investigation of Pulmonary Embolism Diagnosis (PIOPED),
JAMA 263 (1990) 2753–2759.
[4] J. Wicki, T. Perneger, A. Junod, et al., Assessing clinical
probability of the pulmonary embolism in the emergency
ward: a simple score, Arch. Intern. Med. 161 (2001) 92–97.
[5] G. Le Gal, M. Righini, P.M. Roy, et al., Prediction of
pulmonary embolism in the emergency department: the revised
Geneva score, Ann. Intern. Med. 144 (3) (2006) 165–171.
424 R.A. El Wahsh, M.A. Agha[6] R.A. Douma, I.C.M. Mos, P.M.G. Erkens, et al., Performance
of 4 clinical decision rules in the diagnostic management of acute
pulmonary embolism. A prospective cohort study, Ann. Intern.
Med. 154 (2011) 709–718.
[7] P.S. Wells, D.R. Anderson, M. Rodger, et al., Derivation of a
simple clinical model to categorize patients probability of
pulmonary embolism: increasing the models utility with the
SimpliRED D-dimer, J. Thromb. Haemost. 83 (3) (2000) 416–
420.
[8] J.A. Kline, R.D. Nelson, R.E. Jackson, et al., Criteria for the
safe use of D-dimer testing in emergency department patients
with suspected pulmonary embolism: a multicenter US study,
Ann. Emerg. Med. 39 (2002) 144–152.
[9] M. Miniati, M. Bottai, S. Monti, Simple and accurate prediction
of the clinical probability of pulmonary embolism, Am. J.
Respir. Crit. Care Med. 178 (2008) 290–294.
[10] Available at: <http://medcalc3000.com/PulmonaryEmbRisk
PisaCXR.html>.
[11] Available at: <www.ifc.cnr.it/pisamodel/pisamodel1/calcolo.
html>.
[12] Available at: <http://medcalc3000.com/PulmonaryEmbRisk
Pisa.html>.
[13] Available at: <http://www.ifc.cnr.it/pisamodel/pisamodel2/
calcolo2.html>.
[14] S. Iles, L. Beckert, M. Than, I. Town, Making a diagnosis of
pulmonary embolism – new methods and clinical issues, J. NZ
Med. Assoc. 116 (2003) 1177–1184.
[15] D.W. Barritt, S.C. Jordan, Anticoagulant drugs in the treatment
of pulmonary embolism. A controlled trial, Lancet 1 (1960)
1309–1312.
[16] L.A. Pineda, V.S. Hathwar, B.J. Grant, Clinical suspicion of
fatal pulmonary embolism, Chest 120 (2001) 791–795.
[17] L.A. Linkins, P.T. Choi, J.D. Douketis, Clinical impact of
bleeding in patients taking oral anticoagulant therapy for
venous thromboembolism: a meta-analysis, Ann. Intern. Med.
139 (2003) 893–900.
[18] British Thoracic Society guidelines for the management of
suspected acute pulmonary embolism, British Thoracic Society
Standards of Care Committee Pulmonary Embolism Guideline,
Development Group, Thorax 58 (2003) 470–484.[19] M. Miniati, S. Monti, M. Bottai, A structured clinical model for
predicting the probability of pulmonary embolism, Am. J. Med.
114 (2003) 173–179.
[20] P.D. Stein, P.W. Willis III, J.E. Dalen, Importance of clinical
assessment in selecting patients for pulmonary angiography,
Am. J. Cardiol. 43 (1979) 669–671.
[21] P.S. Wells, J.S. Ginsberg, D.R. Anderson, et al., Use of a
clinical model for safe management of patients with suspected
pulmonary embolism, Ann. Intern. Med. 129 (1998) 997–1005.
[22] P.D. Stein, J.E. Dalen, K.M. Mcintyre, et al., The
electrocardiogram in acute pulmonary embolism, Prog.
Cardiovasc. Dis. 17 (1975) 247–257.
[23] P.S. Wells, D.R. Anderson, M. Rodger, et al., Excluding
pulmonary embolism at the bedside without diagnostic
imaging: management of patients with suspected pulmonary
embolism presenting to the emergency department by using a
simple clinical model and D-dimer, Ann. Intern. Med. 135
(2001) 98–107.
[24] C.J. Langan, S. Weingart, New diagnostic and treatment
modalities for pulmonary embolism: one path through the
confusion, Mt. Sinai J. Med. 73 (2) (2006) 528–541.
[25] M. Miniati, M. Bottai, S. Monti, Comparison of 3 clinical
models for predicting the probability of pulmonary embolism,
Medicine (Baltimore) 84 (2) (2005) 107–114.
[26] M. Righini, G. Le Gal, D. Aujesky, et al., Diagnosis of
pulmonary embolism by multidetector CT alone or combined
with venous ultrasonography of the leg: a randomised non-
inferiority trial, Lancet 371 (2008) 1343–1352.
[27] A. Perrier, P.M. Roy, O. Sanchez, et al., Multidetector-row
computed tomography in suspected pulmonary embolism, N.
Engl. J. Med. 352 (2005) 1760–1768.
[28] H.D. Sostman, P.D. Stein, A. Gottschalk, et al., Acute
pulmonary embolism: sensitivity and speciﬁcity of ventilation–
perfusion scintigraphy in PIOPED II study, Radiology 246 (3)
(2008) 941–946.
[29] W. Lucassen, G.J. Geersing, P.M. Erkens, et al., Clinical
decision rules for excluding pulmonary embolism: a meta-
analysis, Ann. Intern. Med. 155 (7) (2011) 448–460.
